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(54) Forming metal interconnects with phase transformed titanium nitride layers 



(57) A method of forming metal interconnects for semiconductor devices capable of enhancing yield and 
reliability comprises first forming a contact hole at a predetermined portion of semiconductor substrate which 
active regions are formed in and then insulating layer is formed on. Afterwards, titanium and titanium nitride 
layers, each having a predetermined thickness, are orderly deposited on the contact hole and the insulating 
layer by Chemical Vapor Deposition. Next, thermal annealing is performed in an atmosphere of nitrogen, in 
order to change the phase of the deposited Titanium Nitride layer, and the content of N 2 in each layer 
transformed. Lastly, the metal interconnect is formed to connect the active regions to each other by depositing 
a interconnecting metal having low resistivity on the diffusion barrier layers and afterward patterning of all 
layers formed on the contact hole and insulating layer till now. Alternately, it is also possible that the present 
invention further comprises a step for depositing an arc-thin film which prevents the reflection of light on the 
interconnecting metal before the patterning of the formed layers occurs. Fig 2C illustrates an assembly in 
which three phase transformed titanium nitride layers 5, 6, 7 are formed. 



9 



5. 




FIG. 2C 



CD 

DO 

ro 

ISJ 

CO 
00 

o> 

CJl 

^vl 



1/3 

PRIOR ART 



8 




Mm 



FIG. 1 




FIG. 2A 



2/3 
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FIG. 2D 
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METHODS OF FORMING METAL INTERCONNECTS 
IN SEMICONDUCTOR DEVICES 
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FIELD OF THE INVENTION 

The present invention relates to a method of forming 
a semiconductor device, and more particularly to a method 
of forming a metal interconnect in a semiconductor device 
including a diffusion barrier metal layer. 

DESCRIPTION OF THE PRIOR ART 



As the integration of semiconductor device is 
increased, many methods have been studied to make the 
is interconnect design free and easy, and to make the 
designation of resistance and current capacitance 
variable . 

In general, aluminum is widely used as the material 
for metal interconnect of semiconductor device. As the 

20 integration is increased, the width of the interconnect is 
fine, so the current density is increased. the increase 
of the current density, however, generates failure due to 
elect romigration, anti-reflection and movement of stress, 
which results in a drop in the reliability. To solve the 

:= above problem, a method that deposits copper (Cu) or 
titanium(Ti) on the interconnect of aluminum(Al) has been 
provided, but it leads to serious problems such as the 
failure of insulator and a short of interconnects due to 



l 



phenomena such as hillock and whisker. 

Fig. 1 a sectional view of semiconductor device 
forming the metal interconnect after the formation of the 
diffusion barrier layer according to an embodiment of the 
conventional art. In the conventional method, an 

insulating layer 2 is first formed on a semiconductor 
substrate 1. Afterwards, contact holes are formed at the 
predetermined portions of the semiconductor substrate 1 by 
etching some portions of the insulating layer till the 
surface of the substrate 1 is exposed. Next, diffusion 
barrier layers of titanium(Ti) 3 and titanium nitride (TiN) 
4 are orderly formed by Physical Vapor Deposition. 
Lastly, metal interconnect 8 using aluminum metal or 
aluminum alloy is formed on the Titanium Nitride layer 4 . 

Currently, however, as high integration of device 
proceeds, the size of the contact hole is more and more 
decreased. In proportion to the decrease of the contact 
hole size, the aspect ratio of the contact hole is 
increased. Accordingly, in a case where the diffusion 
barrier layers are formed by Physical Vapor Deposition as 
above, the step coverage is decreased resulting in the 
diffusion barrier layer being deposited unevenly. 
Moreover, in a case where the thickness of the barrier 
layer is increased, a shadow effect is generated at the . 
corner of the upper portion of the contact hole, making it 
impossible for the succeeding process to proceed. In 
addition, in a case where the Chemical Vapor Deposition 
method, in which TiCl 4 reacts on NH 3 , is used to enhance 



the step coverage, there is a problem in the excess 
generation of particles. Therefore, the result is a drop 
in the yield and reliability of the devices. Furthermore, 
in this case, there is a problem in reducing the speed of 
5 the device because the inner resistance of it is increased 
by the phase transformation to the amorphous phase during 
the deposition of TiN. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is 
to provide a method of forming the metal interconnect of 
semiconductor device, which can enhance the yield and 
reliability of a semiconductor device by increasing the 

15 step coverage of the diffusion barrier layer and 
decreasing the inner resistance and the particle 
generation thereof. 

To accomplish the object of the invention, first 
contact hole is formed at the predetermined portion of 

20 semiconductor substrate which active regions are formed in 
and then insulating layer is formed on. Afterwards, 
Titanium and Titanium Nitride layers each having a 
predetermined thickness . are orderly deposited on the 
contact hole and the insulating layer by Chemical Vapor 

2= Deposition, next, thermal annealing is performed in an atmosphere of 
nitrogen, in order to change the phase of the deposited 
Titanium Nitride layer and the content of N 2 in each layer 
transformed. Lastly, the metal interconnect is formed to 



3 



connect the active regions to each other by depositing a 
interconnecting metal having low resistivity on the 
diffusion barrier layers and afterwards, patterning of all 
layers is formed on the contact hole and insulating layer- 

Alternatively, it is also possible that the present 
invention further comprises of a step for depositing an 
arc-thin film which prevents the reflection of light on 
the interconnecting metal before the patterning of the 
10 formed layers occurs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view for illustrating a method 
15 of forming the metal interconnect according to the 
conventional embodiment. 

Figs. 2A to 2D are sectional views, showing 
sequential processes of forming the metal interconnect, 
according to an embodiment of the present invention, 
2C respectively. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

Hereinbelow, a preferred embodiment of the present 
25 invention is illustrated referring to Figs. 2A to 2D. 

Figs. 2A TO 2D are sectional views showing 
sequential processes for forming a metal interconnect 
according to an embodiment of the present invention. 



First, referring to Fig. 2A, an insulating layer 2 is 
deposited on a semiconductor substrate 1 including active 
regions. A contact hole is then formed at the 
predetermined portion of the insulating layer 2 by 
photolithographic method which etches the exposed 
insulating layer till the surface of the semiconductor 
substrate 1 is exposed. Then, as shown in Fig. 2B, a 
Titanium layer 2 is deposited on the inner portion of the 
contact hole and the whole surface of the insulating layer 

2. The Titanium layer 3 is very thinly formed to a degree 
capable of maintaining the shape of the contact hole 2 by 
Chemical Vapor Deposition which react TiCl, with NH 3 or 
NF 3 . The Chemical Vapor Deposition method is to enhance 
the step coverage of the inside of the contact hole. Then, 
a Titanium Nitride layer 4 is formed on the Titanium layer 

3. The Titanium Nitride layer 4 is formed by Chemical 
Vapor Deposition to depress the generation of the 
particles. In other words, the method uses the raw 
material of only tetradimethyl-aminotitanium 
[Ti{N(CH 3 ) 2 }4] or tetradiethylaminotitanium [Ti {N (C 2 H 5 ) 4 > 3 / 
and decomposes Titanium Nitride from one of said two 
compounds by thermal annealing wherein, the supplied gas 
is Nitrogen and/or Helium. The deposition temperature of 
the TiN ranges from 300 to 500 °C and the pressure of the 
furnace is controlled to the range from 5 to 10 mTorr. 
What is formed is an amorphous layer. Afterwards, the 
semiconductor substrate which the above layers were formed 
on, is thermally annealed in an atmosphere of nitrogen for the 
temperature 



range of 400 to 600 °C. Through the annealing process , the 
titanium nitride layer 4 is transformed to three titanium 
nitride layers 5 f 6, 7 whose physical properties are 
different from one another- The lower or first layer is 
composed of titanium nitride 5 that exists as an amorphous 
layer, the middle or second layer is composed of titanium 
nitride 6 that exists as a crystalline layer, and the 
upper or third layer is composed of titanium nitride 7 
that exists as a nitrogen-rich crystalline layer. Here, 
the Rapid Thermal Annealing (RTA) method can also be used 
on behalf of the conventional thermal annealing. It is 
performed at the temperature range of 700 to 900°C and in 
the time range of 10 to 30 seconds. Titanium nitride 4 of 
single layer has very high resistance because it is in an 
amorphous state, but the triple layer of titanium nitride 
5,6,7 has a low resistance compared with the single layer 
titanium nitride 4 because its physical properties are 
different from one another. The titanium layer 3 and 
titanium nitride layers 5, 6, 7 act as diffusion barrier 
metal for preventing the diffusion of metal atoms which 
would occur without the existence of the barrier. 
Afterwards, as shown in Fig. 2C, a interconnecting metal 
such as aluminum, copper, or alloy of aluminum and copper 
etc., is formed on the diffusion barrier layer, wherein 
the interconnecting metal connects the active regions to 
each other by depositing any metal having a low 
resistivity on the diffusion barrier layers. Afterwards, 



an arc-metal layer 9 is formed on the metal layer 8 by 
Chemical Vapor Deposition. Here, the arc-metal layer is to 
prevent the light from reflecting on the interconnecting 
metal when light is exposed performed to form a pattern of 
the metal interconnect. The arc-thin film is composed of 
tetradimethylaminotitanium or tetradiethylaminotitanium, 
and the range of the deposition temperature is from 300 to 
4 50 Q C. The step for forming the arc-thin film 9 can be 
deleted according to. each case. 

Lastly, as shown in Fig. 2D, the metal interconnect 
is formed by patterning said metal layers 3, 5, 6 r 7,. 8, 
9. The metal layer 8 can be substituted for a metal having 
high conductivity such as Tungsten. 

As previously described in detail, the present 
invention can reduce the resistance of titanium nitride 
and the generation of particles, and enhance the step 
coverage by transforming titanium nitride of a single 
layer to titanium nitride of three layers having 
individual properties. The three layers are formed 
through a method that consists of forming titanium nitride 
by thermal decomposition of the raw material including 
nitrogen and titanium, and annealing the deposited 
titanium nitride in an atmosphere of nitrogen. Accordingly, it 
provides effects enhancing not only the reliability and 
yield but also the speed of the signal transfer. 

Other features, advantages and embodiments of the 
invention disclosed herein will be readily apparent to 
chose exercising ordinary skill after reading the 
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foregoing disclosures. In this regard, while specific 
embodiments of the invention Have been described in 
considerable detail, variations and modifications of these 
embodiments can be effected without departing from the 
spirit and scope of the invention as described and 
claimed. 
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WHAT IS CTiATMBP IS: 



1. A method of forming a metal interconnect for 
semiconductor devices comprising the steps of: 

forming a contact hole at a predetermined portion of 
a semiconductor substrate on which an insulating layer is 
formed; 

depositing titanium and titanium nitride layers, each 
having a predetermined thickness, on said insulating layer 
said contact hole" in an order by Chemical Vapor 
Deposition; 

thermally annealing said substrate in an atmosphere of nitrogen 
wherein said titanium nitride layer is phase-transformed 
to titanium nitride layers which each layers has other 
nitrogen 

depositing a metal layer having low resistivity on 
the titanium nitride layer; and 

patterning the layers formed on the contact hoie and 
insulating layer till now. 

2. The method in accordance with claim 1, wherein said 
titanium is formed by chemical vapor deposition which 
reacts TiCla with NH 3 . 

3. The method in accordance with claim 1, wherein said 
titanium nitride is formed by thermal decomposition of 
Tetradimethyiaminotitanium. 
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4. The method in accordance with- claim 1, wherein said 
titanium nitride is formed by thermal decomposition of 
Tetradiethylaminotitanium. 

5 

5. The method in accordance with claim 3, wherein said 
thermal deccnf>osition is performed at a condition of 
temperature of 300 to 500 °C, pressure of 5 to 10 mTorr. 

:o 6, The method in accordance with claim 4, wherein said 
thermal decomposition is performed at a condition * of 
temperature of 300 to 500 °C f pressure of 5 to 10 mTorr. 

7. The method in accordance with claim 1, wherein said 
15 thermal annealing for phase transformation of titanium 

nitride is performed in an atmosphere of nitrogen and 

temperature of 400 to 600°C for 30 to 60 minutes. 

8. The method in accordance with claim 1, wherein said 
20 thermal annealing for phase transformation of titanium 

nitride is performed in an atmosphere of nitrogen, 

temperature of 700 to 900°C for 10 to 30 seconds by rapid 
thermal annealing. 

9. The method in accordance with claim 1, wherein said 
25 interconnecting metal is aluminum or copper. 

10. The method in accordance with claim 9, wherein said 
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method further comprises a step of forming arc-thin film 
for preventing reflection by copper or aluminum before the 
patterning step of forming said metal interconnect. 



11. The method in accordance with claim 10, wherein said 
arc-thin film is made of titanium. 

12. The method in accordance with claim 10, wherein said 
titanium nitride is formed by thermal decomposition of 
Tetradiethylaminotitanium at 300 to 450 °C. 

13. The method in accordance with claim 10, wherein said 
titanium nitride is formed by thermal decomposition of 
Tetradimethylaminotitanium at 300 to 450 °C. 
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Amendments to the claims have been filed as follows 

1. A method of forming a metal interconnect for a semiconductor device, 

comprising the steps of 

forming a contact hole in an insulating layer formed on a semiconductor 

substrate; 

depositing titanium and then titanium nitride layers, each having a 
predetermined thickness, on said insulating layer and in said contact hole by 
chemical vapor deposition; 

thermally annealing said substrate in an atmosphere of nitrogen and/or 
helium, wherein said titanium nitride layer is phase-transformed to plural titanium 
nitride layers each of which layers has different nitrogen and/or helium content 
and a different phase state; 

depositing a metal layer having low resistivity on the titanium nitride 

layer, and 

patterning the layers formed on the contact hole and insulating layer. 

2. The method in accordance with claim 1, wherein said titanium layer 
is formed by chemical vapor deposition which reacts TiCl 4 with NH 3 . 

3. The method in accordance with claim 1, wherein said titanium nitride 
is formed by thermal decomposition of tetradimethylammotitanium. 

4. The method in accordance with claim 1, wherein said titanium nitride 
is formed by thermal decomposition of tetradiethylaminotitanium. 

5. The method in accordance with claim 3 or 4, wherein said thermal 
decomposition is performed at a condition of temperature of 300 to 500°C, 
pressure of 5 to 10 mtorr. 



6. The method in accordance with claim 1, wherein said thermal annealing 
of titanium nitride is performed in the atmosphere of nitrogen and/or helium, at a 
temperature of 400 to 600°C for 30 to 60 minutes. 

7. The method in accordance with claim 1, wherein said thermal annealing 
of titanium nitride is performed in die atmosphere of nitrogen and/or helium, at a 
temperature of 700 to 900°C for 10 to 30 seconds by rapid thermal annealing. 

8. The method in accordance with claim 1,3 or 4, wherein said metal layer 
is aluminum or copper. 

9. The method in accordance with claim 8, wherein said method further 
comprises a step of forming a thin antireflective coating (arc) film on said metal 
layer for preventing reflection of light from said metal layer before said patterning 
step. 

10. The method in accordance with claim 9, wherein said arc-thin film is 
made of titanium. 
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